Abstract: Recent developments and advancements in the areas of permanent magnets, power electronics and modern control technologies have significantly influenced the wide-spread use of Brushless DC (BLDC) motor drives. BLDC motors are now, widely used in many applications such as servo drives, computer peripheral equipments and electric vehicles due to their high power density, high efficiency, compact size and easier control. In this paper a control scheme is presented which uses the traditional PID controller for the speed control of BLDC motor. PID controller is designed both by Zeigler-Nichols tuning method and Genetic Algorithm. A controller based on fractional order PID is also designed using Genetic algorithm and the performances of fractional PID controller are compared with the performance of PID controller. MATLAB/SIMULINK software is used to simulate and test the performances of the designed controllers.
Modeling of BLDC
The star connected, three phase motor with 8 pole permanent magnetic rotor is driven by standard three phase inverter [2] . Figure 1 shows the basic block diagram of Brushless DC motor. The circuit consists of DC supply, three phase inverter and logic circuit. BLDC Motors are driven by DC voltage. BLDC motor is the combination of a permanent magnet synchronous motor and a frequency inverter. Stator is a classic three phase stator like that of an induction motor and rotor has surface mounted permanent magnets. The inverter plays the role of commutator of a conventional DC motor. Hence the combination of permanent magnet ac motor and electronic commutator is said to be Brushless DC motor.
Figure 1. Block diagram of Brushless DC Motor

A. Electrical subsystem
The electrical part of DC Brushless motor and relationship between current, voltage, and back electromotive force and rotor velocity is derived using Kirchhoff's voltage law [2] : B. Mechanical subsystem A Mathematical relationship between the shaft angular velocity and input voltage to the brushless DC motor is derived using Newton's law of motion. Table 1 show the BLDC motor specifications which is used in the present simulation study. The rated power of the motor is 1kW. 500V bus voltage is applied to the system. 
Motor Parameters
D. Description of driving circuit
The equivalent circuit of BLDC is given in Figure 2 . The circuit consists of three phase power converter which utilizes six power transistors to energize two BLDC motor phases By using Hall sensor information, decoder block generates signal vector of back EMF. The basic idea of running the motor in opposite direction is by giving opposite current. Based on that, we have Table 2 and Table 3 for calculating back Emf for clockwise and anticlockwise direction of motion as shown below. The gate logic to transform electromagnetic forces to the 6 signal on the gates is given below in Table 4 [2]. T1  T2  T3  T4  T5  T6  0  0  0  0 
Rated
0 0 0 0 0 0 -1 1 0 0 0 1 1 0 -1 1 0 0 1 1 0 0 0 -1 0 1 0 1 0 0 1 0 1 0 -1 1 0 0 0 0 1 1 -1 0 1 0 0 1 0 0
PID CONTROLLERS
The Proportional-Integral-Derivative controller is the most common and useful algorithm in control systems engineering. In most cases, feedback loops are controlled using PID Algorithm. The PID controller is always designed to correct error(s) between measured value(s) and set point values in a system.
A. Designing PID controller using Ziegler Nichols method
The PID controller design by using Ziegler-Nichols method was done using the open loop transfer function and thereafter obtaining the necessary parameter values needed for the evaluation of the P, PI and PID parameters. This method requires the step response of open loop system [5, 6, 8] .The step response of open loop system is characterized by two main parameters, the delay time parameter (L) and time constant (T). These two parameters are computed by drawing tangent to the open loop step response at its inflection point as shown in figure 3 . Table 5 . 
B. Design of PID controller using genetic algorithm
Genetic Algorithms (GA's) are a stochastic global search method that mimics the process of natural evolution. It is one of the methods used for optimization [3, 4, 7] 
Initialization of parameters
The Genetic Algorithm has to be initialized before the algorithm can proceed. The Initialization of the population size, variable bounds and the evaluation function are required [11] . These are the initial input that is required in order for the Genetic Algorithm process to start. The initial choices for the present case are given in the Table 6 . 
Fractional PID Controller
Fractional Calculus:
The concept of fractional order controller describes the controllers which are described by using fractional calculus [12] . Fractional calculus involves a fundamental operator where r is the order of the operation. A commonly used definition of the fractional differentiation is the Riemann-Liouville definition which is given in [5] . The transfer function of the fractional order system is given by R. Narmada, et al. The main advantages of the FO controllers are, (i) To increase the speed of the response, and to decrease the steady state error and relative stability, for proportional action. (ii) To increase the relative stability and the sensitivity to noise, for derivative action (iii) To eliminate the steady state error and to decrease the relative stability, for integral action Design of FOPID controller using genetic algorithm `Genetic Algorithms (GA's) can also be used to design the parameters of FOPID controllers similar to that of integer order PID controllers [11] . The additional parameters to be tuned using GA are the order of integrator and the order of differentiator.
Initialization of parameters
The Genetic Algorithm has to be initialized before the algorithm can proceed. The same initialization parameters used in Table 6 for the population size, variable bounds and the evaluation function are chosen.
Objective function for Genetic algorithm
Objective function is required to evaluate the best gain values of FOPID controller for the system. An objective function could be created to find a FOPID controller that gives the smallest overshoot, fastest rise time or quickest settling time. The error functions such as Integral of Absolute error (IAE) is used as objective functions in this work. To minimize the error, the fitness function is defined as, By using the controller gain values shown in table 7, the closed loop speed response for the BLDC motor is obtained and is shown in figure 4 . In order to minimize these transients and reduce the peak overshoot, we design parameters of the PID controller using Genetic Algorithm Response of Closed loop system using PID controller (GA tuned):
Genetic Algorithm, the global optimization method is used here to tune the PID gain values (K P , K I , K D ).In this method the initial population is chosen as 100 with different variable bounds. PID parameters obtained using GA optimization (IAE minimization) is given in table 8. By using the above gain values in the PID controller, the speed response for the closed loop system is obtained and is shown in figure 6 .
Time(secs)
Speed (rpm) Figure 6 . Speed response tuned by GA From the graph of figure 6 , it is observed that the peak overshoot is reduced considerably as compared to the Zeigler Nichols PID controller. The motor is subjected to different types of loading. Speed of the motor increases or decreases after applying the load, but the response settles faster to the steady state value. It is found that the speed response obtained by using PID controller obtained by minimizing IAE has very less overshoot.
Response of Closed loop system using FOPID controller:
Genetic Algorithm is used here to tune the FOPID gain values (K P , K I , K D, λ , µ). In this method also the initial population is chosen as 100 with different variable bounds. FOPID parameters obtained using GA optimization (IAE minimization) is given in table 9. The speed response of the system with the FOPID controller is shown in figure 7 . It is found that the peak overshoot has been reduced drastically and the response settles to the steady state value smoothly. On application of sudden load the closed loop response shows very small deviation and that too settles immediately. From the graph of figure 8, it is clear that the response of the closed loop system with FOPID has less peak overshoot. After applying load, speed decreases slightly and then controlled to the desired speed.
The system is subjected to different speeds at different intervals and the response for system with PID and FOPID are shown in figure 9 .
The Reference speed is changed at different time intervals. When the speed is changed, the response of the system shows more overshoot and undershoot in case of PID controller whereas in Fractional order PID controller speed settles smoothly without any remarkable overshoot and undershoot. The various parameters such as peak overshoot, settling time and error are compared for the closed loop system with PID and FOPID controller and are shown in Table 10 
Conclusions
In this work, the control of BLDC using integer order PID and Fractional order PID control algorithms was analyzed. In this work initially the BLDC motor was analyzed with voltage supply of 500 volts. The speed of the BLDC motor in this open loop configuration remains at a constant value. When the load is applied, the response has steady state error. Hence to maintain the speed at rated value even after applying load, controller was used.
For PID controller, the PID gain values were obtained by using Ziegler Nichols method and Genetic Algorithm. For the FOPID controller, the controller parameters are tuned using the Genetic algorithms. The performance of the system with these controllers was analyzed and it is found that the performance of the system with FOPID controller is better in terms of reduction in peak overshoot, good settling time, good tracking of reference speed and maintaining the speed even while applying the torque.
